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Tab. 1. Measured and calculated HVL values at 120 kV with and without bowtie filter.
Conclusions:
The XVI MC model developed with PENELOPE was successfully validated in 2D mode against an extensive set of measurements, and preliminary results for the 3D acquisition mode are very encouraging. Future work includes a comprehensive validation of the simulation tool by comparing simulation results with dosimetric measurements in anthropomorphic phantoms.
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Impact of prospective respiratory-gated 4DCT acquisition on thoracic image quality: a digital phantom study K. Bernatowicz 1 , P.J. Keall 2 , A. Lomax 1 , A. Knopf 1 , P. Mishra 3 , J. Kipritidis 2 1 Paul Scherrer Institute (PSI), Proton Therapy Centre, Villigen PSI, Switzerland 2 University of Sydney, Sydney Medical School, Sydney, Australia 3 Harvard Medical School, Brigham and Womens Hospital, Boston, USA Purpose/Objective: To perform the first simulations of respiratory-gated 4DCT with an emphasis on lung image quality, which is important in performing dose calculations based on accurate estimates of lung volume and structure. We developed a novel simulation framework incorporating the digital eXtended Cardiac Torso (XCAT) phantom driven by patient tumor motion patterns. Materials and Methods: Our simulations encompass three 4DCT acquisition modes featuring different levels of respiratory feedback: (i) 'conventional' 4DCT that uses a constant imaging and couch-shift frequency, (ii) 'beam paused' 4DCT that interrupts imaging to avoid oversampling at a given couch position and respiratory phase, and (iii) 'respiratory-gated' 4DCT that triggers acquisition only when the respiratory motion fulfills phase-specific displacement gating windows based on pre-scan breathing data. 8 lung cancer patients (14 fractions) with tumor motion displacement >5mm were selected for simulations and image quality was compared with the ground truth in terms of clinically relevant measures of lung image quality: thresholdbased lung volume error, Dice similarity, false-positive and false-negative ratios. Moreover, acquisition time and the relative imaging dose (i.e. number of acquired images normalized to conventional method) were calculated. Results: Averaged across all simulations and phase bins, respiratory-gating leads to small, but significant (p<0.02) reductions in lung volume errors (1.8% to 1.4%), false positives (4.0% to 2.6%) and false negatives (2.7% to 1.3%), fig. 1(a-d) . For a typical 6 L lung, these percentage reductions correspond to gating reducing image artifacts by 24-90 cm3 of lung tissue. Similar to earlier studies, gating reduced patient image dose by (11.1±9.2)%, but with scan time increased by up to 135%. Beam paused 4DCT did not significantly impact normal lung tissue image quality, but did yield similar dose reductions as for respiratory-gating, without the added cost in scanning time. 
Conclusions

